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The flowers, leaves and roots of various species of the genus Baccharis (Family Asteraceae) are used in folk medicine in several parts of the world [1] [2] [3] [4] . The essential oils and extracts of some Baccharis species have been previously evaluated allowing the isolation of various natural products (B. salicifolia, B. latifolia, B.dracunculifolia [5] ; B. peruviana, B. boliviensis, B. obtusifolia, B. trimera [6] ; B. racemosa, B. linearis [7] ; and B. tricuneata [8] ).
B. papilosa Rugby ("Tola"), B. polycephala Weddell, B. buxifolia (Lamark) Person ("Muyu-Tola") and B. convawyi Weed ("Chillka") are plants native to the highlands of Bolivia found at 3000-3600 m of altitude. To the best of our knowledge, the constituents of none of these species have been studied previously. As a result, as part of our project on aromatic and natural products from Bolivian plants, we studied the essential oils obtained from the leaves and stems of these four Baccharis species. In addition, the antimicrobial and antioxidant activities of their oils and solvent extracts were also evaluated.
Essential oils:
The yields of essential oils were as follows: B. papilosa 0.11%, B. buxifolia 0.14%, B. polycephala 0.11% and B. convawyi 0.13% (w/w on a fresh weight basis). The components identified in the aerial parts of the four species studied and their percentage composition are listed in Table 1 , where, for each oil sample, the peak area percentages were calculated as the mean values of two injections. All the constituents are arranged in order of their elution from a SE-52 column. Fortyone components, representing 85% of the total composition, were identified in B. papilosa, thirty-six (92%) in B. buxifolia, twenty-seven (80%) in B. polycephala and thirty-four in B. convawyi (96%).
The oils were shown to be a complex mixture of mainly monoterpene and sesquiterpene hydrocarbons, Antimicrobial activity of the essential oils: As shown in Table 2 , the antibacterial activity was higher against Stapylococcus aureus (Gram-positive) than against Escherichia coli and Pseudomonas fluorescens (Gram-negative). Table 3 shows the minimum amounts of the essential oils needed for bacterial growth inhibition on TLC plates. The oils showed activity against all microorganisms tested. The best value observed was 15.1 μg from B. polycephala against S. aureus. The activity of all the essential oils was higher against S. aureus.
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Usually antimicrobial activities of essential oils are difficult to correlate to a specific compound due to their complexity and variability. In general, the antimicrobial activities have been mainly explained through terpenes and sesquiterpenes with aromatic rings and phenolic hydroxyl groups able to form hydrogen bonds with active sites of the target enzymes, although other active terpenes, as well as alcohols, aldehydes and esters can contribute to the overall antimicrobial effect of essential oils [9] . On the other hand, it has been demonstrated that α-pinene, β-pinene and limonene have a strong antibacterial activity [10] [11] [12] , being able to destroy cellular integrity, and thereby, inhibit respiration and ion transport processes [13] [14] [15] . Antimicrobial properties of β-caryophyllene and aliphatic alcohols, such as nerolidol, have also been observed [16, 17] .
Therefore, the antibacterial results observed in this investigation might be related to the presence of some of the terpenes above mentioned, although the synergistic effects of the diverse major and minor constituents present in the essential oils should be taken into consideration to account for their biological activity. A similar, but more complex, situation should be considered for the antimicrobial activity found for B. polycephala extracts.
Antioxidant activity of the plant extracts:
The results of the free radical scavenging activity assays are presented in Table 4 . Ascorbic acid and Trolox (reference compounds) showed the lowest reaction time, following by B. polycephala and B. convawyi extracts. The reaction times of the ethanolic extracts are shown in Figure 1 . The results showed slower reaction times for ethanol extracts, probably because of complex reaction mechanisms where different constituents could be involved in one or more secondary reactions, resulting in a minor reduction of DPPH solutions [18] .
The highest activity was found in B. polycephala, B. papilosa and B. convawyi extracts, which showed EC 50 values of 4.7, 7.2 and 8.0 μg/mL, respectively (Figure 2 ), by comparison with the reference compounds. These results indicate that the extracts of these species could be considered as promising antioxidants for their free radical activity.
The synthetic anti-oxidants, such as t-butylhydroxyanisole (BHA) and t-butylhydroxy-toluene (BHT) are used as preservatives in foods and food packaging. These anti-oxidants are used to delay the deterioration of food flavors and odors and to increase the shelf life of many foods [19] . However, interest is growing internationally for herbal products, such as essential oils, to replace the synthetic anti-oxidants, based on their emerging deleterious side effects [20] .
In addition, it has been suggested that synergistic and/or antagonistic effects of essential oil components may account for observed biological activities of essential oils, including, for example, antioxidant activities [18, 21] . The results of the diffusion test for the four plant extracts (polar and non-polar) tested against bacteria presented different activities which, in most cases, were higher for polar extracts.
The MIC values for the extracts (polar and non-polar) showed values ranged from 0.16 to 5.00 mg/mL, with B. polycephala extract the most active against S. aureus. Greater activity was found against Grampositive than Gram-negative bacteria, in agreement with previous results [22] .
In the dilution test used for some of the active extracts (% inhibition ≥ 50), no activity was detected, so we assumed that the activity is probably related to the extract concentrations.
In summary, our results indicate that B. polycephala oil and its components could be useful as a control agent for S. aureus. This bacterium is a pathogenic microorganism that is responsible for serious problems, in particular in medical facilities, such as nosocomial infection and resistance to antibiotics. Novel compounds with antibacterial activity are needed to solve these problems. However, for the practical application of B. polycephala oil and its single components as novel bactericides, further studies are necessary on the safety of these materials to humans and on the development of formulations to improve the efficacy and stability and to reduce cost. With the emerging interest in the world to adopt and study the traditional system and to exploit its potentials based on different healthcare systems, the results presented here will assist to formalize the use of the traditional plants here studied.
Briefly, and based on the findings previously reported, we can affirm that this is the first report on either the chemical composition or antimicrobial activity of the essential oils of the species investigated in this study. More research must be undertaken in order to identify and isolate the compounds responsible for the antimicrobial and antioxidant activity found in the oils and extracts. Additionally, a methodical investigation and toxicological evaluation of the extracts must be performed. 
Experimental

Microorganisms assayed:
The test organisms used in this work were Escherichia coli (ATCC 8739), Staphylococcus aureus (ATCC 6538) and Pseudomonas fluorescens (ATCC 2148).
Culture media and inoculums:
Mueller-Hinton media (Difco ® ) was used for bacterial cultures. Microbial cultures, freshly grown, were appropriately diluted in sterile normal saline solution (0.9%) to obtain 10 8 cfu/mL.
Isolation of volatile constituents:
The essential oils were obtained from the fresh aerial parts (1 kg) by steam distillation (12-16 h) at atmospheric pressure in Cochabamba (564 mm Hg) using a Clevenger-type glass hydrodistillation apparatus. The essential oils were dried over anhydrous sodium sulfate and stored in sealed vials at -20°C until GC analysis.
GC-MS analysis:
GC-MS analyses were conducted using a Shimadzu QP 5050 machine equipped with reference libraries [23, 24] using a capillary column SE-52 (Mega, Legnano, Italy) cross-linked fusedsilica capillary column (25 m x 0.25 mm i.d.), coated with 5% phenylpolymethylsiloxane (0.25 µm phase thickness). The column temperature program was as follows: 60°C (8 min), increasing to 180°C at 3°C/min, then to 230°C at 20°C/min. Injector temperature, 250°C; injection mode was split; split ratio, 1:40; volume injected, 0.2 µL of oil. Helium was used as a carrier, at 122.2 kPa (51.6 cm/s); interface temperature was 250°C; acquisition mass range was 40-400 amu.
Identification and quantification:
The components of the essential oils were identified by comparison of their linear retention indices on the SE-52 column, determined in relation to a homologous series of nalkanes, with those from pure standards or reported in the literature. Comparison of fragmentation patterns in the mass spectra with those stored on databases [23, 24] and MS data from our collection was also performed. The quantification of the components was based of their GC peak areas on the SE-52 column.
Polar and non-polar extracts: Dried residues and powdered plant materials (50 g) were extracted by maceration in n-hexane at room temperature. After 12 h the macerate was filtered, the marc extracted with dichloromethane at room temperature (4 h) and the solvent rotavaporated (non-polar residue). The marc was then extracted with ethanol (24 h), the macerate filtered and evaporated (polar residue).
Ethanol extract: Dried and powdered plant material (50 g) was macerated in aqueous ethanol (70%) for 48 h at room temperature. The ethanol was then removed by vacuum evaporation, lyophilized and the dry residue stored at -20°C in sealed vials.
Free radical scavenging activity: The free radical scavenging effect of antioxidants was assessed by decoloration of a methanolic solution of 1,1,-diphenyl-2-picrylhydrazyl radical (DPPH), as previously reported [25] . Methanolic stock antioxidant solutions were prepared in the following concentrations: 300, 150, 100, 50, 30, 21, 12, 6 and 3 μg/mL. Freshly prepared DPPH solution (30 mg/mL) was used for the assay as follows: 2 mL of DPPH solution was placed in a standard cuvette and 0.5 mL of the antioxidant solution was added and immediately absorbance measurements started. Ascorbic acid and Trolox were used as reference free radical scavenger compounds.
The reaction time was determined using the highest concentration of stock solution. After the time reaction was reached, the decrease in absorbance at 516 nm was determined by a Shimadzu Multispec-1501 UV-Vis spectrophotometer. The inhibitory percentage of the DPPH radical was calculated according to the following equation [26] ,
where A DPPH (0) is the absorbance of the DPPH at t = 0 min. and A antioxidant(t) is the absorbance of the antioxidant at the reaction time.
The "efficient concentration" (EC 50 ) was calculated for each ethanol extract and reference compound. EC 50 is defined as the concentration of substrate that causes 50% loss of the DPPH activity [27] .
Antimicrobial activity: Bioautography of essential oils. The antimicrobial activity of the essential oils under study was evaluated by direct bioautography on TLC [28] . 10 x 10 cm silica gel 60 F254 sheets (Merck, Darmstadt, Germany) were used. Oil samples (1 μL in Tween 80, concentration 0.48 to 1.51x10 -2 mg) were applied to the TLC plates. Gentamicin® (0.2 to 1.56 x 10 -4 mg) was used in order to control microbial test sensitivity. MuellerHinton agar media inoculated with microorganisms suspended in saline solution (10 7 cfu/mL) were distributed over the TLC plates. Layers were stored in a water-vapor chamber at 35°C for 18 h. The appearance of inhibition zones was used to determine the lowest sample concentration capable of inhibiting microbial growth.
Diffusion test:
The agar disc diffusion method [22] was adopted, with minor modifications. For antimicrobial tests, a 20% (w/v) solution of each extract (polar and non-polar) was prepared in pure dimethylsulfoxide (DMSO). Microorganisms were inoculated on the appropriate solid medium at 45°C, adjusted to 10 7 cfu/mL. Wells of 5 mm diameter were punched into the agar medium and filled with 50 µL of each extract solution, solvent blank (DMSO) and antibiotic (Gentamicin ® 40 mg/mL). The plates were incubated for 20 h at 35°C for the bacteria assayed. where Ф S is the diameter of the inhibition zone (mm) for the sample and Ф A is the diameter of the inhibition zone (mm) for the antibiotic.
The inhibition is reported as: 0; +, %Inh<50; ++, 50<%Inh<70; +++, %Inh>70.
Dilution test:
Those extracts giving an inhibition zone > 50% were chosen to assay the minimum inhibitory concentration (MIC) using the agar dilution method in plates with 24 wells.
The MICs were determined by serial two-fold dilution in DMSO and mixed with Mueller-Hinton agar medium. The final concentration of extracts in the agar medium ranged from 0.156 to 5 mg/mL for the bacteria. Microbial culture (10 µL) was streaked in radial patterns on the surface of each well. The plates were incubated for 20 h at 35°C. Wells containing only medium or medium with 10 µL DMSO were used as control. The MIC was defined as the lowest concentration of the extract inhibiting the visible growth of each microorganism [22] .
